This paper reports preliminary results achieved during the experimentation of a new real time localization system, especially designed in support of hospitals' emergency management. This system represents the first step of a wider ongoing research project, carried on by the authors in collaboration with the academic spinoff company Smart Space Solutions SRL, aimed at the developing of the W.E.M.A.S. (Wireless Emergency Management Aiding System) system, whose final aim is increasing hospitals' efficiency in the management of the maxi emergencies consequent to disasters. WEMAS uses advanced wireless localization tracking and communication technologies to provide a number of features, such as: patient's flows and patient's healthcare progress tracking, equipment and medical personnel tracking, triage information management, ambulance scheduling and early communication of patient status from ambulance to the receiving emergency division. As a side effect, WEMAS system will equip hospitals with this new network infrastructure to optimize patient logistics for routine management. This paper describes also tests performed on the first release of WEMAS system, in the Emergency Division of the Hospital of Senigallia (Italy), demonstrating its features and technological feasibility.
Introduction
This paper concerns the first step of a wider ongoing research project, named WEMAS (Wireless Emergency Management Aiding System), and carried out by the Department of Architecture Constructions and Structures (DACS) of the Polytechnic University of Marche, the academic spin-off company Smart Space Solutions SRL and the hospital of Senigallia.
The WEMAS, that will be developed to increase hospitals' emergency divisions efficiency in the management of maxi-emergencies consequent to disasters, in its final release will provide the following functionalities: support to first aid management on disaster fields; support to patient transfer from disaster field to hospital; support to emergency division activities within hospital.
As a consequence, the WEMAS will have positive implications also in hospitals' daily activities, allowing patients' healthcare flow tracking, optimization of resource management and also facility tracking to prevent loss or robbery attempts.
The project is compliant to the Marche Region's legislation that, by means of the regional act "DGR 49/2004", imposes that every hospital must arrange a PEIMAF plan ("Piano di Emergenza Massiccio Afflusso Feriti") devoted to coordination of hospital's activities in case of massive victim afflux consequent to disasters.
Nevertheless, empirical experience has attested the inadequacy of the PEIMAF plan in maxi-emergencies management, because of the adoption of traditional communication and management instruments. Even the most recent research, carried out in countries very sensitive to catastrophic events, like Japan or USA, realized inadequacy of traditional means when coping with catastrophic events (Wickramasinghe et al. 2006 ). The last catastrophic event is represented by September the 11th attacks, when inefficient communication between disaster field and neighbor hospitals was experienced.
Nowadays, limits could be fortunately overcame by the advent of recent IC technologies, providing a valid support in hospital's activities management (Chao et al. 2007 ), like faster patient's identification, patients' healthcare progress real-time tracking and so on. Some examples of such systems have been developed, tested and adopted in hospitals, but they all tend to be very invasive, moreover when installed in existing buildings. 
Query
In addition progress, by expertise scou The WEMAS exploits three Zigbee device types (Figure 4-a) , compliant to standard application profile: each one presenting specific features, as depicted in Table 2 .
The WE
Our WEMAS devices are equipped with the integrated radio and microcontroller Chipcon/Texas Instruments CC2431 chip with 128K flash memory. CC2431 has an embedded localization hardware engine, which estimates the position of a node by evaluating the received signal strength (RSSI) attenuation (Michel et al. 2006 ), according to the Path Loss Model (PLM) formula:
(eq. 1) where d represents the distance in meters from the sender node, while A is the received signal in dBm at a distance of one meter with a sending power of 0dbm.
The decentralized localization algorithm is performed entirely by the "blind" node, reducing the communication costs and bottlenecks. A mobile node who wants to evaluate its position sends a broadcast message to all ZRs of the network in its radio range; each ZR replies with a short message whose payload contains its fixed coordinates and the message's RSSI received, measured in dBm (see Figure 4- • may associate with ZC or with previously associated ZR; • acts as 802.
coordinator (FFD);
• local address (destination) allocation/de-allocation; • participates in multi-hop routing of messages.
• mobile node;
• shall not allow association;
• shall not participate in routing; • put to sleep by parents.
The engine is not capable to evaluate node's position if less than three ZRs reply to the broadcast request. In this case the position can be evaluate through gate control. The utilization of a dedicated hardware reduces considerably the delay of the mathematical process. The Zigbee standard profile suggests to have main powered ZR, in order to maintain the radio transceiver in listen mode and have the possibility of routing messages throughout the network. The necessity of using cables dramatically decreases the flexibility of the network in existent hospital environments, because fixed nodes have to be placed in proximity of an electrical source. However the Zigbee specifications allow to use a synchronous communication protocol which uses a special type of message called beacon.
The beacon is a sync message, which defines a time interval for message passing, but increases extremely the latency, in order to minimize duty cycle. WEMAS system uses a new approach, developed by the academic spin-off Smart Space Solutions srl. This proprietary protocol is intended for reduce ZR's duty cycle in asynchronous mode. It allows the arrangement of full wireless networks, because battery powered, requiring minimum maintenance efforts, with a 2 years long power life.
Each ZR node remains in sleep mode for reducing power consumption until it has to route a message or reply to a request. In these cases an asynchronous signal wakes it up from sleep and allows it to work without waiting for a sync. 
